eer rg 


UNCLASSIFIED 


CHAPTER 8 


OPERATING PRINCIPLES OF A REPRESENTATIVE 
SSB TRANSCEIVER, AN/URC-32 (PART 1) 


INTRODUCTION 


The Radio Set AN/URC-32 (fig. 8-1) is a 
manually operated radio communications 
transceiver for operation in the 2- to 30-mc 
(high-frequency) range with a transmit peak- 
envelope-power (pep) of 500 watts. The AN/ 
URC-32 is designed for single-sideband trans- 
mission, and for reception on upper sideband, 
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Figure 8-1.—Radio Set AN/URC-32. 


lower sideband, or two independent sidebands 
with separate audio and i-f channels for each 
sideband. In addition to single-sideband opera- 
tion, provisions are included for a-m (carrier 
reinserted), c-w, or fsk operation. 

The frequency range of 2 to 30 mc is covered 
in four bands. The desired operating frequency 
is selected in 1-kc increments on a direct- 
reading frequency counter. Frequency accuracy 
and stability are controlled by a self-contained 
frequency standard. Provisions are made for 
using an external frequency standard such as an 
AN/URQ-9. 

The complete discussion of the AN/URC-32 
is discussed in two parts: chapters 8 and 9 of 
this training course. Chapter 8 presents a block 
diagram, functional description, and circuit op- 
eration of the dynamic handset, handset adapter, 
audio and control unit, sideband generator, and 
c-w and fsk unit. Chapter 9 is a detailed dis- 
cussion of the frequency generator, power am- 
plifier, and frequency comparator. 


RADIO SET AN/URC-32 
BLOCK DIAGRAM 


As stated, the transmitter of the Radio Set 
AN/URC-32 (fig. 8-2) produces voice, c-w, or 
fsk modulated signals on a single-sideband r-f 
carrier, or a compatible amplitude modulated 
r-f carrier. Voice input signals from the dy- 
namic handset are fed to the handset adapter. 
Input signals (c-w, or remote audio) from a re- 
mote control unit also are applied to the hand- 
set adapter permitting the operator to select 
either the local or remote audio input. Teletype- 
writer signals are applied directly to the c-w 
and fsk unit which provides separate audio tones 
for the mark and space conditions. These fre- 
quencies are later converted to the required 
frequency-shift signals for fsk transmission. 

The output from the handset adapter is am- 
plified in the audio and control unit. Two sepa- 
rate audio input paths to the audio and control 
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Figure 8-2.—Radio Set AN/URC-32, 
transmit function block diagram. 


Cw AND FSK 


HANDSET 7 


ADAPTER 


FROM 
TELETYPEWRITER 
CONTROL 

PANEL 


REMOTE AUDIO INPUT 
—————— | 
FROM REMOTE HANDSET 


FROM 
CW KEY 


32.136 


unit are provided through the 600-ohm remote 
audio lines. 

The audio and control unit amplifies the 
audio signai and feeds it to the sideband gen- 
erator. During single-sideband voice operation, 
the audio and control unit output is fed through 
a selector switch in the c-w and fsk unit. For 
c-w or fsk operation, the c-w and fsk unit sup- 
plies audio tones to the sideband generator. 

The sideband generator converts the audio 
input to the selected sideband of a 300 ke inter- 
mediate frequency. The modulated 300-kc out- 
put is fed to the frequency generator. This unit 
provides the necessary number of heterodyning 
processes (while preserving the signal intelli- 
gence) to produce the selected carrier frequency 
in the 2- to 30-mc range. The output signal is 
amplified in the power amplifier to the required 
peak-envelope-power of 500 watts and fed to the 
antenna. 

During receive operation (fig. 8-3) the an- 
tenna input signal in the range from 2 to 30 mc 
is heterodyned in the frequency generator so 
that the output will be a modulated 300-ke sig- 
nal. This signal is detected and amplified in 
the sideband generator, further amplified in the 
audio and control unit, and fed to the speaker. 
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Figure 8-3.—Radio Set AN/URC-32, 
receive function block diagram. 
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During c-w reception, the c-w and fsk unit ! 
supplies a 300.550-kc signal to the sideband 
generator as a beat frequency for the received ‘ 
signal. The beat frequency can be changed over 
a range of +1 kilocycle. 


DYNAMIC HANDSET 


The dynamic handset (fig. 8-4) consists of a 
noise-canceling dynamic microphone incorporat- 
ing a transistor amplifier, a dynamic receiver, ' 
and a push-to-talk switch. The dynamic hand- 
set has the same plug-in connections, output 
impedance, and output level as the Navy 51007A 
carbon handset, which makes these two units 
interchangeable. However, the dynamic handset 
provides improved audio quality over a carbon 
handset. 

Both the transmitter and receiver are sealed 
plug-in units. The transmitter contains the 
noise-canceling dynamic microphone and the 
transistor amplifier. The receiver is a stand- } 
ard 600-ohm dynamic telephone receiver. : 

The push-to-talk button for the handset q 
transmitter (fig. 8-5) applies 12 volts to a push- 
to-talk relay coil. The contacts of this relay 
(shown later) control the various circuits of the 
transmitter. Since the 12-volt supply operates 
the transistor amplifier circuit of the transmit- 
ter, it is important to observe the polarity in- 
dicated on the schematic. 
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Figure 8-4.—Dynamic handset. 


HANDSET ADAPTER 


The handset adapter (fig. 8-6) permits local 
operation of a transmitter-receiver using the 
dynamic handset described above, or remote 
operation using a Radio Set Control C-1138/UR, 
and the Dynamic Handset AN/URC-32. Local 
or remote operation is selected by the handset 
control on the front panel. A connector on the 
front panel is provided for the handset. 

In the LOCAL position, handset switch, S1 
(fig. 8-7) connects the audio output from the re- 
ceiver (terminals 5 and 6) to the handset (ter- 
minals A and B), and connects the audio output 
from the handset transmitter to the system 
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transmitter. Also, in local operation, the key 
line is connected to contact 4 of relay K1. Con- 
tacts 4 and 3 of K1 are open (as shown) for re- 
ceive operation. When the handset push-to-talk 
button is depressed, relay K1 energizes, and 
contacts 4 and 3 close to apply a ground to the 
key line. This, in turn, operates the various 
control circuits of the transmitter. 

A 12-volt power source supplies power for 
K1 and the handset microphone. This supply 
uses transformer, T1, and rectifiers, CR1-CR4, 
in a full-wave dry-disc bridge rectifier circuit. 

In the REMOTE position, handset switch, S1, 
connects the audio output from the receiver to 
the remote control circuits, and also connects 
the audio output from the remote control circuit 
to the transmitter. In remote operation, the key 
line and 12 volts from the handset adapter power 
supply are connected to the remote controls. 


AUDIO AND CONTROL UNIT 


The audio and control unit (fig. 8-8) isa 
dual-channel amplifier which can provide audio 
inputs from two 600-ohm balanced lines, a 600- 
ohm unbalanced line, or a high impedance 
microphone. In the normal AN/URC-32 instal- 
lation, the 600-ohm balanced lines and the dy- 
namic microphone input are not used. 


BLOCK DIAGRAM 


On transmit, when using the 600-ohm unbal- 
anced input, the audio signal from the handset 
adapter is fed to the audio and control unit via 
audio transformer, T6 (fig. 8-9). This input, 
after amplification, can be applied to the upper 
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Figure 8-5.—Dynamic handset, schematic diagram. 
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Figure 8-7.—-Handset adapter, schematic diagram. 
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Figure 8-8.—Audio and control unit. 
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Figure 8-9.—~Audio and control unit, block diagram. 


sideband (usb) line amplifier or to the lower 
sideband (lsb) line amplifier in the audio and 
control unit. 

The sideband selector switch controls the 
signal transmission and reception. With the 
switch in the OFF position, the microphone 


amplifier circuits and the remote audio input 
are disconnected from the line amplifiers. This 
also connects the upper and lower sideband audio 
line inputs to the line amplifiers. 

With the sideband selector switch in the UP- 
PER position, the microphone audio or remote 
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audio is fed into the upper sideband line ampli- 
fier. This also selects the upper sideband 
audio output from the sideband generator and 
applies it to the speaker amplifier circuits. 

The reverse of this action happens when the 
sideband selector is placed in the LOWER po- 
sition. When earphones (not shown) are plugged 
into the phone jack on the front panel (fig. 8-8) 
the audio output normally fed to the speaker is 
removed. 

The upper and lower sideband line amplifiers 
(fig. 8-9) are controlled by the upper and lower 
sideband audio inputs. With the sideband selec- 
tor switch in the OFF position, the two sideband 
amplifiers can be used either individually or 
simultaneously. 

Assume the audio input is on the upper side- 
band. This input is coupled by audio trans- 
former, T2, and the sideband selector switch 
(in the OFF position), to the first upper side- 
band line amplifier, A1Q101, for amplification. 
The amplified output of A1Q101 is coupled to 
the power amplifier, A1Q102, for further am- 
plification. The output is fed via T1 to the 
upper sideband balanced modulator in the side- 
band generator. The gain of the sideband line 
amplifier is controlled by attenuator, Rl. The 
Operation of both the upper and lower sideband 
line amplifiers is the same. 

When the sideband selector switch is in the 
UPPER position, the upper sideband audio is 
removed from the audio amplifier, A1Q101, and 
is correctly terminated by R14. Either the 
microphone amplifier circuit or the remote 
audio is then connected to the audio amplifier, 
A1Q101. 

With the sideband selector switch in the 
LOWER position, the lower sideband audio is 
removed from A2Q101 and correctly terminated 
by R15. The microphone amplifier circuits are 
then connected to the audio amplifier, A2Q101. 


CIRCUIT OPERATION 


The upper and lower sideband line amplifiers 
(subassemblies Al and A2, fig. 8-10), and the 
microphone amplifier (subassembly A3) each 
contain two transformer coupled common emit- 
ter PNP transistor amplifiers. The impedance 
of each input stage is approximately 100 ohms. 


Amplifier Subassemblies 


The microphone input from the mike jack is 
applied across T6 and developed across R111 
and R112. The voltage across R112 is applied 
between the base and emitter of the first 
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amplifier, Q103, of the microphone amplifier 
subassembly, A3. The remote audio input, 
which is also amplified in the microphone am- 
plifier, is developed across the voltage divider 
comprising R8, R9, and R27. Resistor R27 is 
paralleled by the series combination of R113, 
R114, and R26. The voltage developed at the 
R113-R114 junction serves as the input to Q103. 

Audio signals at the microphone jack, J5, are 
fed through T6 and amplified in microphone 
transistor amplifier subassembly, A3. Ampli- 
fied signals at the T103 secondary are fed to 
the sideband selector switch, S1A, via the mike 
gain control. Switch S1A selects either the 
lower sideband or upper sideband line ampli- 
fiers to amplify the microphone, A3, output. 
The switch is shown in the LOWER position. In 
this position, the amplified microphone output 
signal at the mike gain control is fed through 
S1A (contacts 2 and 3) to the lower sideband 
line amplifier, A2, the output of which is applied 
through T4 to the balanced modulators. 

if the J5 microphone input is not being used, 
a remote audio input at J7 can be applied to Al 
and A2 through SIA. The balanced usb and Isb 
audio line input is fed across T2 and T3, re- 
spectively, through the sideband selector switch, 
S1A, to either the upper or lower sideband am- 
plifier. 

The circuit operation of each of the subas- 
semblies is the same, therefore, the circuit 
operation of only the upper sideband amplifier 
is treated here. 

Power for operating the audio and control 
unit circuits (+28 volts d-c) is fed into the unit 
via terminal 15 of J8. Resistors R101 and R102 
at the amplifier (Q101) input establish the base- 
emitter bias for the stage. The base is held 
positive to ground by the amount of the voltage 
developed across R101. The emitter is held 
more positive by taking its potential from the 
positive side of R102 (428 vdc). Thus, PNP 
transistor, Q101, is biased between base and 
emitter in the forward direction (negative on the 
base, and positive on the emitter). The input 
bias voltage is equal to the difference in the 
voltages across R102 and R103. 

The signal voltage from S1A appears across 
R109 and R108 in series. The voltage at the 
junction of these resistors is coupled through 
C101 and applied in the base-emitter circuit of 
Q101 across R102. The signal voltage increases 
or decreases the base-emitter forward bias, 
and the resulting base-emitter current. This 
action causes relatively large variations to 
occur in the emitter-collector current through 
the primary of output transformer, T101. 
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Because the transistor is operated class A, and 
the input and output impedances are of the same 
| order of magnitude, the output voltage across 
| T101 is greater than that at the input but varies 
| at the same rate. 


through C103 to the base of amplifier, Q102. 
This signal appears between the base and emit- 
ter of Q102. 

The operation of Q102 is similar to that of 
; Q101. Both stages employ PNP transistors. 

The bias voltage between the base and emitter 
of Q102 is equal to the excess of the voltage 
across R104 over that across R106 (base nega- 
tive, emitter positive for forward bias). The 
collector is grounded through the primary of 
T102 and is negative with respect to the emitter 
and base. 

The Q102 output at the secondary of T102 is 
fed through terminal F of P1 and J1 to the pri- 
mary of Tl. The secondary output of T1 is fed 
to the upper sideband balanced modulator. 

A portion of the Q102 output is applied to the 
~ Q102 base-emitter circuit via R105 as negative 
feedback. This action compensates for tem- 
perature changes and reduces distortion of the 
output signal. 

Assume a positive-going input signal at the 
input of Q101. Because of the 180-degree phase 
shift in Q101, the output across the T101 pri- 
mary will be negative-going. The T101 second- 
ary applies a negative-going input to Q102, 
whereupon a positive-going output appears 
across the primary of T102. A portion of the 
negative-going output at terminal 3 of T102 is 
coupled through R110 as the feedback voltage 
to the base of Q101 which opposes the positive- 
going input at this point. This action decreases 
the gain of Q101. The overall gain of the sub- 
assembly is approximately 40 db. 


Speaker Amplifier 


You will recall from the block diagram dis- 
cussion that during reception, the sideband 
generator (fig. 8-2) produces a detected output 
which is applied to the speaker amplifier in the 
audio and control unit. The speaker amplifier 
provides 3-watts output to drive a speaker. The 
circuit consists of Q201 and Q202. 

The input to the speaker amplifier from the 
sideband generator is fed through the sideband 
selector switch, sections S1B and SIC, to the 
primary of T5. The T5 secondary output is de- 
veloped across the primary of T201 in parallel 
with R205. The value of the input audio is ad- 
justed by this resistor. The output of the 


The output from Q101 across T101 is coupled 


amplifier is coupled through C201 to the speaker 
transformer, T7. 

The input circuits to Q201 and Q202 are op- 
erated in push-pull just at cutoff. The only 
forward bias on these transistors is the small 
d-c potential developed across the 6-5 and 3-4 
windings of T201. Resistors R201 and R202 
limit the base-emitter current of their respec- 
tive amplifiers during quiescence to almost 
zero. 

Capacitor C201 is connected to the electrical 
center of the two amplifiers. During quies- 
cence, C201 charges to about 14 volts. The 
charge path is from ground through the 1-2 
winding of T7, the closed contacts of J6, C201, 
R203, and the 3-4 winding of T201 to the +28 
volt supply. 

Now assume an instantaneous input at T201 
which yields the uncircled polarities at the sec- 
ondary. The two amplifiers (Q201 and Q202) 
are biased just at cutoff and the input polarity 
across the two sections of the T201 secondary 
is 180-degrees out-of-phase. This causes the 
input signal to aid the conduction of one of the 
amplifiers and opposes the conduction of the 
other. The instantaneous voltage at the 5-6 
winding of T201 (uncircled) forward biases the 
base-emitter circuit of Q202. During the same 
instant, the uncircled polarities at the 3-4 wind- 
ing of T201 apply a reverse bias to Q201, which 
drives this amplifier further into cutoff. For 
the uncircled polarities, Q202 is conducting, 
while Q201 is cut off. 

Assume that the induced voltage in T201 is 
increasing. The Q202 base-emitter current is 
increasing because of the increasing signal 
voltage component in the 5-6 winding of T201. 
This action increases the Q202 collector cur- 
rent. The path for this current is from ground, 
the collector circuit of Q202, the emitter cir- 
cuit of Q202, R202, R203 (Q201 cutoff), the 3-4 
winding of T201 and the +28 volt supply. 

The increasing voltage across R203 sub- 
tracts from the +28 volt supply to cause a re- 
duction in voltage between terminal 5 of T201 
and ground. The negative-going component 
causes C201 to discharge. The discharge path 
is through the T7 primary, ground, the collec- 
tor emitter (conducting) circuit of Q202, and 
R202. The accompanying change in current is 
coupled through T7 as the audio signal compo- 
nent to the speaker. 

Now assume that the input polarity reverses 
(circled polarity marks). Terminal 5 of T201 
is negative and terminal 6 is positive. The 
signal voltage induced between these terminals 
is assumed to be increasing. The polarity is in 
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the backward direction of the base-emitter cir- 
cuit of Q202 so that the base-emitter current is 
driven into cutoff and no collector current flows. 

At the same time the voltage induced in the 
3-4 winding of T201 has a polarity that permits 
the voltage to drive the base-emitter circuit of 
Q201 in the forward direction. Thus the base- 
emitter current of Q201 increases and this ac- 
tion increases the collector current of Q201. 
The path for this current is from ground through 
R204, the 5-6 winding of T201 (Q202 cutoff), the 
collector circuit of Q201, the emitter circuit of 
Q201, R201, and the +28 volt supply. 

The increasing voltage across R204 com- 
prises the signal component appearing between 
terminal 5 of T201 and ground. As the voltage 
rises, C201 charges through the T7 primary, 
the collector of Q201, the emitter of Q201, R201, 
to the +28 volt supply. The accompanying cur- 
rent change is coupled through T7 to the speaker 
line as the audio signal. 

Resistors R201 and R202 produce self-bias 
to stabilize the operating points of the transis- 
tors during temperature changes. Where R201 
and R202 are unable to control the effect of ex- 
cessive temperature rise, F201 protects the 
transistors from the resulting current. 


SIDEBAND GENERATOR 


The sideband generator (fig. 8-11) translates 
audio frequencies to intermediate frequencies 
during transmit condition, and intermediate 
frequencies to audio frequencies during receive 
conditions. 
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TRANSMIT FUNCTION 


The block diagram of the sideband generator 
is shown in figure 8-12. The balanced modula- 
tor, carrier generator, and transmitter gain 
control (t-g-c) limits operate during transmit 
condition. The audio input to the sideband gen- 
erator (fig. 8-12) is taken from the secondaries 
of T1 and T4 on the audio and control unit (fig. 
8-10) and applied to the sideband generator via 
T3 and T4. Audio input transformer, T3 and 
T4, couple upper sideband and lower sideband 
audio inputs to the vox circuit (explained later) 
and to the balanced modulators. The balanced 
modulators modulate a 300~kc carrier to pro- 
duce separate and distinct upper and lower side- 
band signals with the carrier suppressed. The 
300-ke carrier is produced in the carrier gen- 
erator by tripling the 100-kc reference oscil- 
lator signal from the frequency generator (dis- 
cussed later). 

The balanced modulator contains two 300-ke 
balanced modulators. Because of a frequency 
inversion in the r-f tuner, the lower sideband 
balanced modulator is followed with an upper 
sideband filter and the upper sideband balanced 
modulator is followed with a lower sideband 
filter. The inversion process which takes place 
in the r-f tuner is explained in chapter 9 of this 
training course. 

The outputs of the balanced modulator are 
connected in parallel and fed to the transmitter 
gain control. The t-g-c circuit is controlled by 
a t-g-c voltage which is received from the power 
amplifier unit. This circuit maintains the 300-kc 
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Figure 8-11.—Sideband generator. 
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Figure 8-12.—Sideband generator, block diagram. 


i-f output voltage at a sufficiently low level to 
prevent overdriving any of the subsequent 
stages. 

The 300-kc ssb signals are fed via line TX 
to the r-f tuner and power amplifier (described 
in chapter 9). During tune and a-m transmit 
conditions only, the unmodulated 300-kc carrier 
generator output is reinserted in the upper 
sideband signal at the output of the sideband 
generator. Reinsertion of the carrier at the 
transmitter eliminates reinsertion at the re- 
ceiver and the necessity for having special 
equipment to receive the transmitted signal. 
The absence of the lower sideband does not af- 
fect the quality of the received signal. How- 
ever, only one sideband plus carrier is trans- 
mitted, and the received signal is considerably 
weaker than it would be for double-sideband 
a-m operation. 


RECEIVE FUNCTION 


The i-f/a-f amplifiers (1sb, usb, and a-m) 
operate only during the receive condition to 
amplify the modulated 300-ke i-f signal from 
the r-f tuner (via line RX). These units also 
demodulate the signal and amplify the detected 
audio. A 300-kc carrier is reinserted into the 
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Isb and usb i-f/a-f amplifiers from the carrier 
generator. 

When the front panel ssb a-m switch is in 
the a-m position, the lsb and usb i-f/a-f ampli- 
fiers are disabled. The carrier generator (a-m 
receive only) also is disabled as will be shown 
later. The audio output from the a-m i-f/a-f 
amplifier is fed through the ssb a-m switch in 
the a-m position to the usb audio out lines via 
Ti. The a-m i-f/a-f amplifier is disabled when 
the ssb a-m switch is in the ssb position. 


TRANSMIT CIRCUIT 
Balance Modulator 


The balanced modulator (fig. 8-13) includes 
two balanced modulators which are identical 
except for the band-pass characteristics of their 
individual mechanical filters. Two separate 
audio inputs are provided to the unit; one to the 
upper sideband balanced modulator section, and 
one to the lower sideband balanced modulator 
section. This provision allows the audio input 
signal to be switched to either or both input 
connections so that the output may be upper 
sideband, lower sideband, or twin sideband with 
suppressed carrier. 
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The action of both of the balanced modulators 
is identical. The following discussion describes 
the operation of only the upper sideband bal- 
anced modulator section. The two balanced 
modulators are called upper and lower sideband 
balanced modulators because of the frequency 
relationship between the final transmitted side- 
band signal and the suppressed carrier. (The 
upper sideband at the output of the transmitter 
contains the sum of the audio frequency com- 
ponents and the carrier; the lower sideband 
contains the difference between the carrier and 
the audio frequency components.) 

Approximately 1.0 volt rms audio input sig- 
nal is introduced into the balanced modulator 
via terminals F and D of Pl. This signal is 
fed from the audio and control unit or from the 
c-w and fsk unit (fig. 8-2), depending on the 
mode of operation. The signal is applied to 
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Figure 8-13.—Balanced modulator. 


a 1:2 step-up impedance matching transformer, 
Tl. 

The audio signal from the two secondary 
windings of Ti is coupled through two separate 
resistive pads and applied across a germanium 
diode bridge which includes CR1. The resistive 
pads match the impedance of T1 to that of CR1 
and attenuate the audio signal approximately 
30 db to produce a 1-to-10 audio-to-carrier- 
level ratio at the diodes. This ratio prevents 
the audio signal from initiating diode conduction 
in the bridge. 

The 300-kc r-f carrier from the carrier gen- 
erator (fig. 8-12) is injected into the balanced 
modulator (fig. 8-13, A) terminal Al P1, through 
isolating resistors, R9 and R10. This signal is 
applied to the diode bridge circuit through po- 
tentiometers, R7 and R8. These potentiometers 
balance the diode bridge so that no carrier 


Ln 


w 


ue 


eset eesee | 


UNCLASSIFIED 


Chapter 8-OPERATING PRINCIPLES, SSB RADIO TRANSCEIVER AN/URC-32 (PT. I) 191 


frequency is coupled into the output signal (fig. 
8-13, B). Filters C1-L1 and C2-L2 (fig. 8-13, A) 
isolate the injected carrier signal from the 
audio circuits. 

With no audio signal input, no output signal 
will appear across the bridge circuit load, R11 
and R12. The r-f carrier applied to the bridge 
causes diode-pairs 7-3 and 5-1 to conduct on 
alternate half-cycles. This produces outputs 
across R11 and R12 on both half-cycles that are 
equal in amplitude and opposite in phase. This 
action results in r-f carrier suppression across 
the load. 

When the audio signal is introduced across 
the bridge circuit, the r-f carrier causes the 
diode-pairs to act as a high frequency switch 
with diodes 7 and 3 conducting on one half-cycle, 
and diodes 5 and 1 conducting on the other. This 
action switches the audio at the carrier (300-kc) 
switching frequency, and produces a modulated 
output signal containing the sum and difference 
frequencies that constitute the upper and lower 
sidebands. The equal and opposite voltages 
across R11 and R12 at the carrier frequency 
eliminate the carrier at the output. The side- 
band frequencies appearing across R11 and R12 
are additive and do not cancel at the bridge out- 
put. This type of balanced modulator produces 
approximately 45 db suppression of the carrier 
frequency across the bridge output. 

The double-sideband suppressed carrier 
output signal appears across load resistors 
R11 and R12, and is coupled through C3 and C4, 
respectively, to mechanical filter, FL1. Be- 
cause of the band-pass characteristics of FL1, 
the r-f carrier is suppressed an additional 
20 db, and the unwanted sideband is suppressed 
60 db. The single-sideband suppressed carrier 
signal output of FL1 is applied to impedance 
matching resistors, R13 and R14. 

Outputs available are upper sideband, lower 
sideband, or both. When a single-sideband 
mode is selected, the signal is taken directly 
from the filter associated with the particular 
balanced modulator section. 

The a-m mode of operation is also possible 
with the AN/URC-32. However, the a-m signal 
is not produced until the 300-kc carrier signal 
is reinserted in the final stages of the sideband 
generator. This process is explained later. 

The output of each of the balanced modulator 
sections is approximately 5.0 mv. This signal 
is applied through a shielded lead to the trans~ 
mitter gain control unit (fig. 8-12). 


Carrier Generator 


The carrier generator (fig. 8-14) triples a 
100-kc signal from a 100-ke reference oscilla- 
tor (discussed later) to produce a 300-kc signal. 
This signal is necessary for r-f carrier inser- 
tion to the balanced modulator during the trans- 
mit condition, and for carrier reinsertion to the 
usb or lsb i-f/a-f amplifiers during reception. 

When receiving, the 300-kc output of the car- 
rier generator is used by beat-type detectors 
of the i-f/a-f amplifier units to demodulate the 
i-f single-sideband signal. The 300-kc output 
from the carrier generator has the same stabil- 
ity as that of the reference oscillator. 

The 100-kc input signal to the carrier gen- 
erator is introduced through terminal K of 
receptacle P1, coupled through C1, and im- 
pressed across R1 at the control grid of the 
multiplier stage, V1. The plate-tank circuit of 
Vi, comprising L1, C3, C4, and C5, is tuned to 
300-kc. Application of the 100-kc voltage on the 
control grid causes a 300-kc component to be 
developed in the plate circuit. Capacitor C5 
permits tuning of the plate-tank frequency. 

The output of the multiplier stage is taken 
from a capacitive voltage divider (C3 and C4), 
and applied to the control grid of the output am- 
plifier, V2. Amplifier V2 has both of its triode 
sections connected in paraliel providing higher 
transconductance with less plate resistance, 
and maintaining stage gain with lower output 
impedance. 

Two separate 300-kc outputs are taken from 
the plate of V2. One output is coupled through 
C11 and applied to terminal A of Pl, while the 
other output is coupled through C12 and applied 
to terminal C of Pl. These two 300-kc signals 
are used as the carrier frequencies for the 
balanced modulators (fig. 8-13) when transmit- 
ting, and as carrier insertion in the usb and lsb 
i-{/a-f amplifiers when receiving. 

An additional output from V2 (fig. 8-14) is 
coupled through C8 to the grid of carrier ampli- 
fier V3. This amplifier supplies a carrier re- 
insertion signal for a-m transmit operation or 
a-m reception. A ground is placed on the cath- 
ode of the carrier amplifier circuit when the 
a-m ssb switch is in the a-m position. The 
ground circuit is completed by the action of the 
a-m ssb relay, K2. The cathode of V3 is also 
grounded when the tune-local-remote switch is 
in the TUNE position as shown. When the cath- 
ode is grounded, V3 conducts to produce an output. 
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Figure 8-14.-—Carrier generator. 


The output of V3 is controlled by a bias volt- 
age applied to the grid by carrier reinsert ad- 
just control, R3. This control is adjusted to 
provide a carrier reinsertion signal equal in 
power to the sideband signal at the output of 
the sideband generator (fig. 8-12). The 300-ke 
carrier reinsertion signal from the plate of the 
carrier amplifier, V3 (fig. 8-14) is coupled 
through C15 to the transmitter r-f mixer, V1A, 
in the r-f tuner (discussed in ch. 9). 


Transmitter Gain Control 


The transmitter gain control unit auto- 
matically adjusts the amount of i-f signal 
which is delivered to the r-f tuner and to the 
power amplifier. It ensures that the power 
amplifier stage is operating near its maxi- 
mum power capability, but that it is not be- 
ing overdriven. This action is accomplished 
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by controlling the gain of a t-g-c amplifier, 
V1 (fig. 8-15). 

The output signal from the balanced modula- 
tor (fig. 8-13) is coupled through input trans- 
former, T1 (fig. 8-15) and through C2 to the 
control grid of V1. 

A sampling circuit in the power amplifier 
(shown later) provides a direct current via ter- 
minal C (whenever there is power amplifier 
grid current) which is fed back to the control 
grid of the t-g-c amplifier. This current pro- 
duces a voltage across R2 and R3 which is pro- 
portional to the power amplifier grid drive. 
The voltage developed across R2 and R3 is 
negative toward the grid of V1. This voltage 
controls the gain of the t-g-c amplifier and 
therefore the amplitude of the signal fed to 
the r-f tuner. The action is similar to auto- 
matic volume control used in receiver audio ap- 
plications. 
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Filters in the feedback line comprising 
R2-C4 and R38-C6, determine the response time 
of the t-g-c circuit. The output, taken at the 
junction of the two filters, is fed to the r-f tuner 
for automatic gain control of the transmit i-f 
amplifiers. 

When voice operate control (vox) is desired, 
the vox section of the t-g-c-vox unit automati- 
cally keys the transmitter whenever a prede- 
termined level of input signal appears on the 
audio input line. An anti-vox circuit is incor- 
porated to prevent the transmitter from being 
keyed by feedback from the receiver speaker. 

The audio input to the vox circuit is taken 
from the T3 and T4 secondaries of the sideband 
generator (fig. 8-12) and applied to T1 (fig. 
8~15). Resistor R16 provides a vox threshold 
level adjustment. The output of Q1 is rectified 
by CR1 and CR2, and the d-c voltage is ampli- 
fied by Q3 and Q4 (cascade connected PNP 
transistor switching amplifiers). The output of 
Q4 operates vox relay, K1. 

Thermistor, T, compensates for the effect of 
temperature change on the collector current of 
Q3. For example, if the temperature increases, 
the resistance of T will decrease. This action 
causes increased current in R6 and a decrease 
in the forward bias in the Q3 base-emitter — 
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8-15.—Tgc-vox anti-vox. 


circuit, with an accompanying tendency to check 
the rise in collector current. 

The anti-vox amplifier, Q2, is similar to the 
vox amplifier, Q1. The receiver audio output is 
coupled through T2 and developed across anti- 
vox level adjust control, R17. The voltage at 
the R17 arm is coupled through C6 to the base 
of Q2. The output of the anti-vox amplifier is 
rectified by CR3 and CR4, and this voltage is 
applied to Q3 at the junction of R14 and R15. 
This signal opposes the vox voltage to Q3 from 


Ql. 
RECEIVE CIRCUIT 
Lsb I-f/A-f Amplifier 


The Isb i-f/a-f amplifier (fig. 8-16) amplifies 
the i-f signal received from the mixer stage of 
the r-f tuner (discussed in ch. 9). This unit also 
detects and amplifies the audio signal. 

The signal containing the 300-kc sideband 
intelligence is coupled from the r-f tuner to the 
first i-f amplifier, V1. The output of V1 is taken 
from a tuned plate circuit and fed to a mechan- 
ical filter, FL1. A frequency inversion that 
takes place in the r-f tuner, interchanges the 
two incoming sidebands. Thus, to pass the 
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Figure 8-16.—Lsb or usb i-f/a-f amplifier, block diagram. 


lower sideband component, FL1 is capable of 
passing frequencies from 300 to 303 kc. 

The output of FL1 is applied to the second 
i-f amplifier, V2. The amplified output of V2 
is applied to the control grid of detector stage 
V3 (fig. 8-17). 

Detector V3 is a ''beat-type" or 'product" 
detector in which a 300-ke carrier from the 
carrier generator (fig. 8-14) is mixed with the 
300 to 303 kc lower sideband signal from the 
r-f tuner. The 300-kc carrier injection signal 
is coupled through C12 (fig. 8-17) to the sup- 
pressor grid of V3. The i-f input from V2 
(fig. 8-16) is applied across Ti (fig. 8-17) to 
the control grid of V3. The difference frequency 
(0 to 3 kc) is recovered as audio intelligence. 
This signal is coupled from the plate of V3 
through a low-pass filter consisting of L2, C15, 
and C14. The filter rejects the product fre- 
quencies and allows only the audio (difference 
frequency) signal to pass. The demodulated 
audio signal is coupled through C17 and C18 to 
the a-f transistor amplifier, Q1 (fig. 8-17). 

The audio output of Q1 drives a transis- 
torized push-pull amplifier output stage which 
comprises Q2 and Q3. The output at the T3 
secondary is fed through the sideband selector 
switch (fig. 8-10), and through two additional 
stages of audio amplification to the speaker. 

The amplifier action of Q1 is similar to that 
of Q101 (fig. 8-10), previously discussed, except 
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that the polarities of the bias supply are re- 
versed (Q1 is an NPN-type and Q101 is a PNP- 
type transistor). The T2 output is applied to 
the base-emitter circuits of Q2 and Q3 in push- 
pull. Transistors, Q2 and Q3 are also NPN 
transistors. The circuit arrangement is easier 
to identify as push-pull than the previously 
described push-pull speaker amplifier circuit 
driven by the T3 output. 

On one half cycle of the audio input to Q2 and 
Q3 (terminal 3 of T2, plus, and terminal 5, 
minus) the forward base-emitter voltage of Q2 
is increased and that of Q3 is decreased. This 
action increases the collector current of Q2 and 
decreases that of Q3. On the next half cycle of 
the audio input signal the polarities of the ter- 
minals of T2 are reversed (terminal 3, minus, 
and terminal 5, plus); the collector current of 
Q2 decreases as the collector current of Q3 in- 
creases. 

For both half cycles, the push-pull action in 
T3 is additive across the 6-7 secondary wind- 
ing. 
The small transformers used in the audio 
stages of the i-f/a-f amplifier (fig. 8-17) are 
subject to saturation at low frequencies with 
consequent attenuation of these frequencies. To 
compensate for this attenuation, negative feed- 
back from a separate secondary winding of T3 
is coupled back to audio amplifier, Q1. The 
feedback reduces the gain of the stages slightly 
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but improves the low-frequency response. The 
output level of lsb i-f/a-f amplifier is approxi- 
mately 17 milliwatts into a 150-ohm load. 

In the ssb position of the ssb a-m switch, 

K2 is deenergized, as shown, and +27.5 volts 
d-c is applied to the transistor stages of the 
i-f/a-f amplifier through contacts 9 and 10 of 
K2. During a-m operation, the ssb a-m switch 
is in the a-m position and K2 is energized. 

This action removes the +27.5 volts from the 
i~f/a-f amplifier and applies this voltage 
through contacts 6 and 9 of K2 to the a-m i-f/f-f 
amplifier. 

An automatic gain control (a-g-c) system 
(fig. 8-18) is employed in the lower sideband 
i-f/a-f amplifier to maintain the output signal 
at a nearly constant level. The a-g-c voltage 
is derived by taking a portion of the i-f signal 
from the secondary of T1, amplifying it in the 
a-g-c amplifier, V4, rectifying it with the crys- 
tal diode, CR2, filtering and applying the result- 
ing negative voltage to supplement the bias on 
the control grids of the i-f amplifiers, V1 and 
V2. 

The rectified voltage from CR2 is filtered by 
the network consisting of C23, C24, C25, R25, 
and R26. This filter employs a double time- 
constant. The upper section, comprising C23 
and R25, has a short time-constant relative to 
the lower section comprising C24 and R26. 

This provision is necessary to compensate for 
lack of an r-f carrier in the single-sideband 
signal. The characteristics of single-sideband 
transmission cause voice intelligence to be 
transmitted in groups of r-f energy since no 
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r-f carrier is present in the absence of a voice 
input. Consequently, an a-g-c action is neces- 
sary which will maintain a nearly constant op- 
erating gain of the i-f amplifiers between groups 
of intelligence. At the same time, a-g-c action 
on the average audio level within the speech 
groups is necessary. The double time-constant 
of the filter circuit accomplishes this function. 

The portion of the filter consisting of C24 
and R26 is effective primarily between speech 
groups. This filter provides fast response and 
slow release characteristics. 

The a-g-c voltage is applied through a gating 
diode, CR1, to the r-f tuner (discussed in ch. 9) 
and to a metering circuit in the frequency gen- 
erator. The gating diode prevents a-g-c inter- 
action between the lsb and usb i-f/a-f amplifier 
units because these two circuits are connected 
in parallel at the output of the subassemblies. 

The a-g-c circuit of the Isb i-f/a-f amplifier 
will limit the output of this subassembly to a 
maximum of 8-db rise for approximately an 
80-db rise of input. Combined with the a-g-c 
control in the r-f tuner, the a-g-c circuit will 
limit the lsb i-f/a-f amplifier output to an 8-db 
rise for a 100-db rise of a signal at the antenna. 


Usb I-f/A-f Amplifier 


The usb i-f/a-f amplifier differs from the 
lsb i-f/a-f amplifier only in the bandpass char- 
acteristics of the filter between the first and 
second i-f amplifiers. As a result of a frequency 
inversion in the r-f tuner, the mechanical filter 
of the usb i-f/a-f amplifier has a pass-band of 
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Figure 8-18.—Agce system of i-f/a-f amplifier. 
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297 to 300 ke so that it passes only the received 
upper sideband of the 300-kc i-f signal. 


A-m I-f/A-f Amplifier 


The a-m i-f/a-f amplifier (fig. 8-19) pro- 
vides for reception of amplitude modulated 
(a-m) signals. The first two stages of i-f am- 
plication are identical with the first two stages 
of the lsb i-f/a-f amplifier except for the pass- 
bands of their respective filters. The mechan- 
ical filter of the a-m i-f/a-f amplifier has a 
6-kc pass-band to accommodate double-side- 
band (with carrier) a-m signal, while the me- 
chanical filters of the usb and lsb i-f/a-f 
amplifiers each have a 3-kce pass-band, as dis- 
cussed, for passing single-sideband suppressed 
carrier signals. 

An additional i-f amplifier stage provides 
the higher gain needed in the a-m unit for diode 
detection. The output of the third i-f amplifier 


(F INPUT FROM ANTENNA VIA 
RF AND MIXER STAGES OF THE 
RF TUNER (CHAP, 9, FIG. 9-2) 


is applied to a conventional a-m diode detector, 
CR1i. The audio signal from the detector is 
applied to the a-f amplifier stages, which are 
identical to the a-f circuits used in the single- 
sideband i-f/a-f amplifiers. 


C-W AND FSK UNIT 


The c-w and fsk unit (fig. 8-20) enables the 
AN/URC-32 transceiver to be operated in the 
c-w and fsk modes of operation. On fsk trans- 
mit operation (tone modulation), the c-w and 
fsk unit converts the keying input from a tele- 
typewriter current loop to audio tones of 1,575 
cps for space (no loop current) and 2,425 cps 
for mark (loop current). On c-w transmit op- 
eration (actually mew) the unit provides a keyed 
audio tone of 1,000 cps or 1,500 cps as selected 
by the OSC control switch on the front panel. 

During fsk receive operation, the c-w and fsk 
unit provides a bfo (beat-frequency oscillator) 
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Figure 8-19.—A-m i-f/a-f amplifier, block diagram. 
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signal which is required for c-w reception. This 
signalis centered on 300 - 550-kc, andis variable 
approximately 1 ke above or below this frequency. 

The c-w and fsk unit (fig. 8-21) consists of: 
(1) an oscillator -buffer-amplifier (VIA, V1B, 
and V2A, (2) a bfo (Q1), (3) a c-w break-in relay 
and relay amplifier (V2B), and (4) a monitor 
circuit (via $2). The monitoring circuit contains 
a meter, M1, which is used for monitoring the 
receive and transmit audio outputs of the audio 
and control unit, and for monitoring the output 
of the c-w and fsk unit. 

The function of the c-w and fsk unit is deter- 
mined by the position of the oscillator control 
switch, S1, which is located on the front panel. 
In the OFF position, S1C disables the c-w and 
fsk unit by removing the B+ voltage (+130 v) 
from the circuits. Also, in this position, S1E 
connects the usb transmit audio input line from 
the audio and control unit to the usb transmit 
audio output line which is connected to the usb 
balanced modulators of the sideband generator 
(fig. 8-13). Thus, in the OFF position, the c-w 
and fsk unit circuits (fig. 8-21) are deenergized, 
and the voice input signals from the handset are 
transmitted. 

When S1 is moved one position (from the po- 
sition shown) fsk signals will be transmitted. 

In the final two positions of S1, c-w signals 
will be transmitted. 

During fsk and c-w operation, the usb trans- 
mit audio input line from the audio and control 
unit is disconnected, and the output of the os- 
cillator-buffer-amplifier circuit is connected 
to the usb transmit audio output line. In the fsk 
position, the frequency of the oscillator, V1A, 
is shifted from 1,575 cps for space to 2,425 cps 
for mark by the teletypewriter loop input. 

In the c-w positions, the oscillator frequency 
is 1,000 cps (corresponding to the 1-ke position) 
or 1,500 cps (corresponding to the 1.5 kc posi- 
tion) depending on the setting of oscillator con- 
trol switch, $1, on the front panel. Buffer 
stage, VIB, permits passage of the V1A oscil- 
lator output when the c-w and fsk key line is 
completed to ground. 


C-W AND FSK OSCILLATOR 


The oscillator, V1A, frequency is adjusted, 
as determined by the mode of operation, by 
changing the components in the grid-cathode 
tank circuit. With $1B in the fsk position, the 
tuned circuit of oscillator, V1A, consists of 
Li, C3, and the capacitors in the fsk circuit. 
The teletypewriter input signal at pin 1 of J1 
determines which capacitors of the fsk keying 
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circuit are inserted in the tuned circuit, and 
therefore determines the frequency of the oscil- 
lator. 

The fsk keying input circuit has a relatively 
high impedance. Therefore, if the c-w and fsk 
unit is to be used with a teletypewriter operat- 
ing on a standard loop current, an external re- 
sistor of approximately 1,250 ohms should be 
placed across the signal line to permit the 20-, 

30-, or 60-ma loop current to develop a posi- 
tive voltage pulse of 25 to 50 volts at the input 
terminal. 

With no current in the teletypewriter loop 
(corresponding to space condition) voltage di- 
vider, R11, and the teletypewriter terminating 
resistor in parallel with R12, applies a negative 
voltage across CR2 and CR3 from the -90 volt 
bias line. This causes CR2 and CR3 to conduct. | 
With CR2 and CR3 conducting, C4 and C5 are 
placed in the tuned circuit of the oscillator in 
parallel with C6 and C7. This action produces 
an oscillator output frequency from V1A of 
1,575 cps, which represents the space condition 
fsk output frequency. 

When a mark current is present in the tele- 
typewriter loop, a positive voltage is developed 
across the external resistor in parallel with 
R12. This voltage exceeds the negative voltage 
which appears across R12 and the external 
resistor during the space condition, and the 
direction of current through these resistors 
changes direction from downward through the 
resistors to upward. 

The resulting positive voltage at the R12-CR2 
junction cuts off CR2 and CR3, and effectively 
removes C4 and C5 from the tuned circuit of 
the oscillator. The oscillator frequency changes 
to a higher frequency {as a result of the decrease 
in capacitance) to produce 2,425 cps. This fre~ 
quency corresponds to the mark condition of the 
fsk output. The oscillator signal is fed through 
the buffer, V1B, the output amplifier, V2A, S1E, 
and S1F, to the usb transmit audio output lines. 

In the c-w 1-Ke position of S1, section S1B 
removes the capacitors in the fsk keying input 
circuit and inserts C8 in the oscillator tank. 
This tunes the oscillator to 1 kc. In the c-w 
1.5-ke position, C9 is connected in the oscilla- 
tor tank circuit to tune the oscillator to 1,5 ke. 


BUFFER AND OUTPUT AMPLIFIER 


The output of the oscillator, V1A, is fed to 
the grid of buffer, VIB. In the fsk position (12), 
S1A applies a ground to grid resistor, R8, and 
the buffer stage functions continuously. In the 
two c-w positions (1 and 2) of S1A, the buffer 
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(V1B) is biased to cutoff. The cutoff voltage is 
applied to the V1B grid through R8 and R9 from 
the junction of R10 and R17 which are connected 
from the -90 volt supply to ground. The buffer 
is keyed by the c-w and fsk line which applies a 
ground (when closed) to the junction of R10 and 
R17 through contacts 1 and 4 (or 5) of S1D. 
Thus, closing the c-w key removes the bias 
from the buffer stage, and V1B passes the os- 
cillator (V1A) output. 

The V1B output is fed through a bandpass 
filter which rejects 3 kc. On c-w operation, 
C18 is connected in the filter input path by S1G 
in parallel with C17, and the filter attenuates 
the second harmonic of 1.5 ke and the third 
harmonic of 1 ke. During fsk operation (posi- 
tion 12), S1G removes C18 from the filter input 
circuit, and the second harmonic of the 1,575 
cps space frequency is attenuated. 

The filtered output from V1B is developed 
across output control R19. The T1 secondary 
provides a 600-ohm balanced output (CT 
grounded) via SIF and S1E (c-w and fsk posi- 
tions 5, 6, and 7) to the usb audio output line. 

In the OFF position (as shown), S1E connects 
the usb transmit audio input line directly to the 
usb transmit audio output line. 


C-W BREAK-IN RELAY CIRCUIT 


The c-w break-in relay circuit, comprising 
relay amplifier, V2B, and keying relay, K1, ap- 
plies a ground to the transmit key line via pin 
2 and pin 16 of J1 when the c-w key is closed, 
and maintains this ground via pin 11 of J1 
through the normal c-w key open intervals of a 
c-w transmission. In the two c-w positions, 
S1H (pins 4 & 5) connects the c-w and fsk key 
line through R16 and R18 to the grid of relay 
amplifier, V2B. The plate circuit relay, K1, 
operates on a fast response and a delayed re- 
lease principle. This is accomplished by con- 
trolling the grid voltage of V2B from two R-C 
circuits, one with a short time-constant, and 
one with a long time-constant. 

In the initial key-up condition, C13 charges 
to approximately -20 volts through R10, R16, 
and R18, from the -90 volt supply. The voltage 
across C13 maintains V2B in cutoff, and KI is 
deenergized. 

When the c-w key is closed, a ground is ap- 
plied to the c-w and fsk key line and C13 is 
discharged through the small forward resist- 
ance of CR4, pins 4 or 5 of S1H, the key and 
ground, or via pins 2 and 16 of J1. This rep- 
resents a short time-constant as compared to 
the charge path through R16 and R18. The 
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discharge of C13 removes the negative bias 
voltage from the grid of V2B, the tube conducts, 
and K1 is energized, thereby placing a ground 
on the transmit key line via pin 11 of J1. 

When the c-w key is opened, the ground is 
removed from the c-w and fsk Key line, and C13 
is charged through the high resistance of R16 
and R18. When the voltage at the tap of R18 
reaches the cutoff value of V2B, K1 is deener- 
gized and ground is removed from the transmit 
key line. 

The long time-constant of R10, R16, R18, and 
C13, provides the time delay necessary to main- 
tain the transceiver in the transmit condition 
during the normal key-open interval of a c-w 
transmission. When S1H is in the OFF or fsk 
positions (1, 2, or 3), the c-w and isk key line 
is connected directly through contacts 1 and 2 
(or 3) to the transmit key line. The c-w and fsk 
key line can then be used as a remote transmit 
key line. 


BEAT-FREQUENCY OSCILLATOR 


The beat~frequency oscillator (bfo) circuit 
consists of a transistor oscillator, Q1, anda 
switching diode, CR1, which disconnects the 
100-ke input signal at J2 from the 100-kce output 
signal jack, J3 on fsk receive operation. During 
all modes of operation except fsk receive, the 
100-kc signal input from the reference oscilla- 
tor at J2 (discussed in ch. 9) is fed through J3 
to the carrier generator (fig. 8-14) where it is 
multiplied to produce the 300-kc i-f signal. 
Diode CR1 is maintained in a conducting state 
by a bias voltage obtained from the voltage di- 
vider comprising R1 and R2 across the +130 
volt supply. In the OFF and c-w positions of 
$1, SID completes the d-c path through CR1 
from ground contacts 8 and 7 of S1D, R25, R26, 
R3, CR1, and R1 to the +130 voit supply. 

Because the peak amplitude of the 100-kc 
input signal at J2 is smaller than the voltage 
from the C5-CR1 junction to ground, CR1 will 
remain conducting during the application of the 
complete 100-kc sine wave signals. The output 
voltage variations from CR1 are developed 
across R3, R25, and R26. The 100-kc input 
from J2 is fed via J3 to the carrier generator 
for all modes of operation except fsk receive. 

During fsk transmit condition, the ground on 
the CR1 anode is completed through contacts 7 
and 9 of S1D when the transmit key line is 
closed. Thus, during fsk transmit, the 100-kc 
signal is coupled through CR1 to the carrier 
generator, and the 300-kc i-f signal is produced 
in the normal manner. 


UNCLASSIFIED 


cs) iim enim AA RE CEN NTT ARNG I NR NA A LE 


eh ak Sa ESN i ane nt 


UNC LASSIFIED 


200 CIRCUITRY OF SHIPBOARD ELECTRONICS EQUIPMENT 


During fsk receive operation, +28 volts d-c 
is applied to the transmit key line through in- 
dicator lamp, DS1, and R13. This positive po- 
tential is applied through contacts 9 and 7 of 
S1D, R25, R26, and R3, to the cathode of CR1. 
Since this potential is more positive than the 
positive voltage applied to the anode of CR1, the 
diode cuts off during fsk receive operation, 
thereby disconnecting J2 and J3. 

The positive voltage on the transmit key line 
is fed through CR5 and a filter comprising R27, 
C16, R4, and C4, to the bfo circuit, Q1. This 
action energizes the bfo. 

The frequency of the bfo circuit is deter- 
mined by parallel resonant tank circuit, L1, C9, 
C10, and C11, in the collector circuit. The 
feedback signal from the L1 tap to ground is 
coupled through C7 to increase emitter forward 
bias current when collector current is increas- 
ing. When Q1 saturates, the feedback potential 
from Li momentarily drops to zero. As for- 
ward bias decreases, collector current de- 
creases and the feedback from the L1 tank de- 
creases the base-emitter current. This action 
sustains oscillation in the tank circuit. Induc- 
tor L1 can be adjusted for a center frequency 
of 300.550 ke. Capacitor C11 provides a method 
of varying the frequency approximately 1 kc 
above or below the center frequency. 

The output signal from the bfo is taken from 
the tap on L1 and fed through C8 to the output 
jack, J3. This signal is amplified in the car- 
rier generator and used as a beat-frequency 
signal with the received fsk signals. 


CONTROL CIRCUITS 


The AN/URC-32 is keyed to transmit by ap- 
plying a ground to a transmit key line. The 
method by which this ground is supplied to the 
transmit key line depends upon the mode of op- 
eration and the position of the handset switch 
on the handset adapter and OSC control switch 
on the c-w and fsk unit. 

During voice operation, the OSC control 
switch is set to OFF. This deenergizes the 
c-w and fsk unit circuits and connects the trans- 
mit key line to the handset switch. When the 
handset switch is in the LOCAL position, a 
ground is applied to the transmit key line by a 
relay in the handset adapter. The relay (Ki in 
the handset adapter) is energized when the push- 
to-talk button on the local handset is depressed. 
This action closes the K1 contacts to ground the 
transmit key line. 

When the handset switch is in the REMOTE 
position, the transmit key line is connected to 
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the remote key line. The ground is supplied to 
the line by a push-to-talk relay in the remote 
phone unit. 

For fsk operation, the OSC control switch 
(on the c-w and fsk unit) is set to the fsk posi- 
tion and the handset switch is set to REMOTE. 
This energizes the fsk circuits of the c-w and 
fsk unit, and connects the transmit key line to 
the remote key line. A ground is then applied 
to the remote key line at the teletypewriter 
control panel. 

For c-w operation, the OSC control switch 
S1 (fig. 8-22) is set to either the c-w 1 kc or the 
c-w 1.5 ke position, and the handset switch is 
set to REMOTE. This action applies B+ to the 
c-w circuits of the c-w and fsk unit, and con- 
nects the remote key line to the c-w key line of 
the c-w and fsk unit. The remote key line be- 
comes a c-w key input, and is grounded by the 
c-w key. 

When the c-w key is open, the grid of buffer 
stage, VIB, is blocked by a high negative po- 
tential. When the key is closed, the VIB nega- 
tive grid bias is reduced and the oscillator 
signal from V1A is allowed to pass. With V2B 
conducting, the break-in relay, K1, is energized, 
to apply a ground to the transmit key line. This 
action keys the transmitter carrier. 

The break-in relay, K1, incorporates a delay 
circuit which holds the transceiver in transmit 
operation during normal c-w key-open inter- 
vals. When K1 in the c-w and fsk unit is deen- 
ergized, the ground for the transmit key line is 
removed by the K1 contacts. 

Grounding the key line energizes the receive 
transmit relays of the AN/URC-32 and the an- 
tenna coupler. When transmitting, K1 in the 
sideband generator applies the transmit audio 
signals to the balanced modulator via oscillator 
control $1 in the OFF position. The relay also 
closes the contacts which are used to operate an 
antenna bypass circuit in a remote antenna tuner 
(such as the AN/BRA-3) when different trans- 
mitting and receiving frequencies are used 
(crossband operation). A separate receiver unit 
must be used during crossband operation. 

With the antenna tuner bypass switch in the 
REMOTE position (not shown), the antenna tuner 
is bypassed when the relay contacts are open 
(receive condition). When crossband operation 
is not being used, the bypass switch in the an- 
tenna tuner should be in the TUNER-IN position 
to decrease the transmit keying time. The in~ 
crease in transmit keying time during crossband 
operation is due to the transmit keying circuit 
being interlocked through the antenna tuner by- 
pass circuit so that the AN/URC-32 is not keyed 
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Figure 8-22.—Control circuits. 
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to transmit until the tuner bypass circuit of the 
remote antenna tuner switches from the BYPASS 
to the TUNER-IN position. When c-w keying is 
used in the AN/URC-32, this time lag may re- 
sult in a partial loss of the first character of 
the code message. 

In the transmit condition, K2 in the frequency 
generator, disables the receiver circuit of the 
r-f tuner by applying a cutoff bias voltage to the 
grids of the receiver stages, and by disconnect- 
ing the receive r-f input from the antenna to the 
r-f tuner. Relay, K2, in the power amplifier 
applies voltage to the driver screens and plates, 
and to the power amplifier screens. This relay 
is interlocked through contacts of relay, K3, 
which prevents the operation of K2 when the 
power amplifier plate voltage is not applied. 

The output level of the power amplifier is 
controlled by the tune-operate switch, S1B. This 
switch controls the driver plate and screen 
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voltage and the power amplifier screen voltage 
by inserting a dropping resistor, R16, in the 
400-volt supply line during the tune or low level 
condition of the transmitter. For high power 
operation, this resistor is shorted out through 
tune-operate switch, S1B, and the tuner high 
power interlock (not shown). The antenna tuner 
high power interlock prevents high power op- 
eration when the antenna tuner is not tuned to 
the operating frequency. 

The relay in the antenna coupler switches from 
the receiver input circuit in the frequency genera- 
tor to the transmitter output circuit of the power 
amplifier. Auxiliary contacts on the relay apply 
a ground through an antenna bypass interlock to 
remove the disabling bias applied to the driver 
grids of the power amplifier unit during trans- 
mission. The antenna bypass interlock prevents 
r-f drive power from being applied to the power 
amplifier when the antenna tuner is bypassed. 


SS ae pe oe ee pe eye Se ~~ 7 Pepeney © — 7 op ots Sie re eae ue ry A ee * ry == Se geaye sal 
\ | UPPER SIDEBAND LINE AMPLIFIER | LOWER SIDEBAND LINE AMPLIFIER 
| Subassembly Al | Subassembly A 2 
| { 
| 
| 
Q103 bo Bei y 
\ \ | | 
oie \ 
\ ? It 
7 | | cioe | RIO! | fr Hk 
4 56K | | fl | 
| | | 
° | 
Ag R102 | 2 
33K | | 
| | | 
i I 
| | ! = 
| t 
Z| Poet B aA LPL she! a j L -f 5 E a ‘8 “| atest tnt iat ae Sees el 
Ji f 9g 5 9 ° 
NOTES: 
LSB USB |. REFERENCE DESIGNATIONS ARE ABBREVIATED. PREFIX THE 
5 Rls DESIGNATIONS WITH UNIT NUMBER OR SUBASSEMBLY 
DESIGNATION OR BOTH. J8 
4 2. UNLESS OTHERWISE INDICATED, ALL RESISTANCE VALUES 
i ARE IN OHMS. ALL CAPACITANCE VALUES ARE IN UUF. 
l 
l 
| 3. ALL SWITCHES VIEWED FROM END OPPOSITE KNOB, 
| SPEAKER 
| 4 OHMS 
Nh cat 
t 
| Vee a0) = ites SPEAKER 
OUT GAIN \ 3) 600 CHIME 
LSB AUDIO H peel = hey 
OUT GAIN = 
I ; = - 
1 
I 
1 
\ 
1 
SPEAKER ! Tl LSB BAL MOD 
AMPLIFIER = 5 1 ; 
2 LSB BAL MOD (fig.8-I3) 
to , 
MIC GAIN 7 USB BAL MOD wie 
RIGC 6 4 USB BAL MOD UNIT Hig 8215 
= ( fig. 8-13) 
USB AUDIO LINE 
USB AUDIO LINE 
J 03 
j te) Riee LSB AUDIO LINE FROMT3 
LsB aupio Line_F !f9 817) 


or 
T4 (fig.8-19) 


32.144 


Figure 8-10.—Audio and control unit, schematic diagram. 
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Figure 8-21.—C-w and fsk unit, schematic diagram. 


